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DERBY LOCAL PROTECTION PROJECT
HOUSATONIC AND RAUGATUCK RIVERS
CONNECTICUT

DESIGN MEMORANDUM NO. 3

HYDRAULIC ANALYSIS AND
RIPRAP DESIGN

1. INTRODUCTION

a. Purpogse. The purpose of this memorandum is to present for re~
view and approval the hydraulic analysis and riprap design for the local
protection project on the Housatonic and Neugatuck Rivers in Derby,
Connecticut. Inecluded are sections describing the project design floods,
model study, hydraulic analyses and the design of the stone riprap for
dike protection.

b. _Bic%_\m_d’. The Dexby Local Protection Project was authorized
in Public Law 89-298, dated 27 October 1965 just 3 years following
authorization of the Ansonia~Derby Local Frotection Project. As the
two are structurally integral the game general hydrasulic criteria apply
to both projects. ‘

¢s Coordination with local authorities. The general design has
been developed with the knowledge and concurrence of the officials of
the city of Dexrby who will be furnished coples of all design memoranda
for use, comment and retention.

2. PROJECT DESIGN FLOODS

a. Genersl. The Derby local protection proJject is designed for the
standard project floods in the Housatonic and Naugatuck Rivers with a
tailwater elevation at the confluence produced by the peak concurrent
flow of the two rivers combined with an abnormal tide., Allowance for
abnormal tide is about 2 feet which was experienced in the floods of
September 1938 and October 1955. Development of the design floods is
discussed in spproved Design Memorandum NKo. 1, "Hydrology and Imterior
Drainage," dated January 1968,

b. EHousatonic River. The dikes and walle adjacent to the Housatonic
River are designed for a flow of 198,500 cfs in the Housatonic River with
& concurrent flow of 21,500 c¢fe in the Naugatuck River for a total at the
confluence of 220,000 cofs.

c. Naugatuck River., The dike adjacent to the Naugatuck River is de-
signed for the standard project flood of 75,000 cfs in the Naugatuck
River with a concurrent flow in the Housatonle River of 145,000 ecfs, for
a total at the conrfluence of 220,000 cfs.



3+ HYDRAULIC MODEL STUDIES

a. QGeneral. Due Lo the complex flow conditions resulting from the
irregularity and configuration of the channel sections and skewed bridges
for which hydreulic losses could not be reliably computed, a hydraulic
model of both the Derby and Ansonia-~Derby projects was constructed to a
scale of 1 to 120 at the U, S. Army Waterways Experiment Station,
Vickeburg, Mississippi.

The model was constructed to reproduce the Housatonic River from
the mouth of the Naugatuck River to Bridge Street in Derby, a distance
of 3,800 feet, and the Naugatuck River from its mouth to the Anaconda
American Brass Company hydroplant, a distance of 16,000 feet, Water
wag supplied to the model at the upsiream ends simulating the flows of
the two rivers and a movable tailgate was provided at the lower end to
reproduce the desired tallwater and tlde effects. A detalled Gescrip-
tion and layout of the model will be shown in Appendix A, entitled:
"Hydraulic Model Study, Ansonia-Derby and Derby Local Protection
Projects,"” to be forwarded at a later date.

be. Simulated floods. Tests were run in the model simulating de~
sign floodflows with normal and abnormal tide condltions in Long Island
Sound., The following conditions of riverflow and tailwater were tested: .

(1) Concurrent discharges of 21,500 ¢fs in the Naugatuck River,
- 198,500 cfs in the Housatonic River and elevations of 24.0 and 26.0 feet
msl, respectively, at the confluence.

(2) Concurrent discharges of 75,000 cfs in the Naugatuck River,
145,000 c¢fs in the Housatonic River and tallwater elevations of 24.0
and 26.0 feet msl, respectively, at tbe confluence.

¢. Alternate plans tested. In addition to model testing the plan
of protection as proposed, the following alternate plans were studied:

(1) The Naugatuck River dike was moved riverward, maintaining
& minimm channel bottom width of 160 feet and tested with a flow of
75,000 e¢fs in the Naugatuck River, 145,000 cfs in the Housatonic River
and a tallwater elevation of 26,0 feet msl. The result was an increase
in water surface elevation from zero at the confluence to a maximm of
1.3 feet at the upstresm end of the Derby project. This increase in
the water surface elevation at the upstream end of the Derby project
was reflected in the profile of the Anszonia-Derby project upstream to
the NYNHSH railroad bridge. It was therefore coneluded that the small
saving in land area accomplished by reducing channel width 4id not
Justify the added cost to both the Derby and upstream Ansonia-Derby
projects.

(2) A model floodwall was placed on the west bank of the
Housatonle River opposite Derby to determine what effect, 1f any,



future protective measures in the city of Sheltom, Connecticut might have
on the design Housatonlc River profile. This plen was tested with a flow
of 198,500 c¢fs 1n the Housatonic River, 75,000 cfs in the Naugatuck River
with a tailwater elevation of 26.0 feet msl. The result was a negligidle
effect in the water surface profile along the proposed Derby protective
works. Actually there was a mmall reduction in water surface elevations
throughout the reach along the dike and floodwall in Derby and Shelton
due tc the improved streamlining of the flow on the Shelton side of the
river,

(3) The trusses on the rallroad bridge across the Housatonic
vere made solld to simmlate their being clogged with debris. The water
surface immediately upstream from the brldge was raised about 1.0 foot
by this revision. However, this was a local effect as the water surface
300 feet upstream from the bridge wae approximately the seme as 1t was
without the sgolid truss.

d. Medel test meagurements. Results of the model test progrem
utilized in the design of the final selected plan are summarized in the
following paragraphs.

(1) Weater surface data. Water surface profiles were determined
for the most critical design conditions, namely: (a) 75,000 cfs in the
Naugstuck River, 145,000 cfs concurrent flow in the Housatonlc River and
an abnormal, tide in Long Island Sound resulting in a tailwater elevation
of 26.0 feet msl for design of protection along the Naugatuck River, and
{v) 198,500 efs in the Housatonic River, 21,500 cfs concurrent flow in
the Naugatuck River and a tailwater of 26.0 feet msl for the design of
protection along the Housatonie River., Water surface measurements made
in the model for both the Housatonic and Naugatuck Rivers for the sbove
conditions are tabulated in tables 3~I and 3-II and shown on plates 1

through 5.

(2) vVelocity data. Velocity measurements made at critical lo-
cations throughout the model in the Derby project area are tabulated in
tables 3=-III and 3-IV and shown on plates 1 through 5. All veloclty
negsurements were made during the most critical design comdltion pro-
ducing maximum velocitles, that being the discharges described in the
preceding paragraph, but with a normal tide in Long Island Sound result-
ing in a tallwater elevation of 24.0 feet msl. These velocity measure-
ments, made at a depth of 2 feet above the chamnel bottom were used as
a guide along with the computed average velocities, in the design of
stone channel riprap protection.

L, HYDRAULIC ANALYSES

a. General. The hydraulics of floodflows in the Housatonic River
downstream of Route 8 and in ‘the Naugatuck River downstream of Route 34
are governed by the tailwater condition at the confluence of the two
rivers, vhich in turn is dependent on concurrent flowe in the rivers and



TABLE 3~I

DESIGN WATER SURFACE ELEVATIONS -~ HOUSATONIC RIVER

Discharge - 198,500 c¢fs in Housatonic
21,500 cfs in Naugatuck
Tallwvater Elevation - 26.0 nmsl

LEFT BANK
East North Water Surface
Coordinate Coordinate Elevation
507,500 175,880 26.8
507, 354 176,000 26.9
507,2h0 176,250 28,6
507,098 176,500 28.2
506,660 177,000 30.5
506,533 177,095 30.0
506,418 177,243 29,0
RIGHT BANK
East North Water Surfece
Coordinate Coordinate Elevation
506,930 175,500 27.7
506,620 176,000 29.2
506, 320 176,500 . 29.0
506,120 176,750 29.0



TABLE 3-II
DESIGN WATER SURFACE ELEVATTIONS - NAUGATUCK RIVER

Discharge - 75,000 cfs In Naugatuck
145,000 cfs in Housatonic
Tailwater Elevation - 26.0 msl

LEFT BANK
East North Water Surface
Coordinate Coordinate Elevation
509,000 180,500 28.5
508,973 180,000 28.5
509,000 179,500 28.3
508,982 179,000 28.h
509,966 178,500 28.2
508,977 178,000 28.2
508,878 177,500 28.1
508,879 . 177,100 27.9
508,962 177,000 _ 27.0
509,062 176,500 27.0
509,075 . 176,000 26.7
509,480 175,500 26,0
RIGHET BANK
East Noxrth Water Surface
Coordinate Coordinate Elevation

508,632 180,500 29.1
508,660 180,000 27.9
508, 59k 179,500 28.0
508,586 179,000 28.0
508,570 178,500 28.0
508,565 178,000 27.8
508,478 177,500 28,0
508,270 - 177,000 27.0
507,976 176,500 27.0
507,790 176,000 26.6



TABLE 3-III

FLOW VELOCITIES ~ TWO FEET ABOVE
BOTTOM  SURFACE - HOUSATONIC RIVER

Discharge = 198,500 c¢fs in Housatonic
21,500 cfs in Naugatuck
Tailwater Elevation - 24,0 msl

Basgt - North
Coordinate Goordinate Veloecit
i ft7 sec ;
507,800 175,000 10.3
507,500 175,200 10.3
507,410 175,250 4.0
507,330 175,400 11.8
507,480 175,610 15.5
507,520 175,770 12.4
507,300 176,000 14,0
506,910 176,530 17.5
506,740 176,540 20.5
506,590 176,550 17.5
506,415 176,560 15.7
506,770 176,850 6.8



TABLE 3-IV

FLOW_VELOCITIES - TWO FEET ABOVE
BOTTOM SURFACE - NAUGATUCK RIVER

Discharge - 75,000 cfe in Naugatuck
145,000 cfs in Housatonic
Tailwater Elevation - 24.0 msl

East North
Coordinate Qoordinate Veloceit
itt?sec;
508,660 180,160 8.7
508,810 180,160 11.8
508,490 177,335 3.8
508,700 177,310 9.6
508,810 177,300 - Te9
508,560 177,090 11.1
508,650 177,060 12.4
508,760 ‘ 177,020 9.6
508,400 176,870 0.0
508,640 - 176,820 8.7
508,875 ‘ 176,800 0.0
508,625 176,310 8.7
508,820 176,170 6.8
508,900 176,030 5.5
508,740 175,930 3.8
508,835 175,750 7.9
508,935 175,730 545
508,565 175,430 3.8



tide conditions in Long Island Sound. The deslgn tailwater elevation at
the confluence has been previously discussed. During flood periods this
tailwater is sufficiently high to maintain low flow velocities and a
relatively flat water surface throughout the area below these two bridges.

Upstream of Routes 34 and 8 to the upstream limits of the Derby proj-
ect the hydraulics of floodflows in both rivers is atlill influenced by
the downstream tailwater but technically would be classified as "gradu-
ally varied flow" with bridge and friction losses reflected in the water
surface profiles.

b.~ Design water surface profiles. The design water surface profiles
shown on plates 2 through 5 were derived from the model study measure-
nents and by conventional backwater methods as outlined in EM 1110-2-1G09
using a Manning's roughnessg coefficient of 0.035 and other appropriate
losses. The design profiles are for a tailwater of 26,0 feet msl at the
confluence and the respective design flood for each river.

¢. Freeboard desigm. Height of protection was established generally
to provide 3 feet of freeboard above the design water surface profiles.
The minimum freeboard adopted was 2.6 feet at station 14400 on the
Bousatonic dike, basged on a local water surface measurement made in the
model study. This was at a downstream location on the Housatonic where
velocities were relatively low and water surface a function primarily of
the tailwater condition at the confluence.

d. Top elevations for dikes and walls. The design elevations for
top of dlkes and walls are showm on plates 2 through 5. The protection
meagures along the Housatomic River will be bullt to the following
elevations: '

(1) From upstream end of project (Bridge Street) to NYNHSH rail-
road bridge - level at elevation 34.0 feet msl.

(2) Housatonle rallroad gate - elevation 34.0 feet msl.

(3)  From railroad gate structure to point 600 feet downstresm
(start of tieback dike) « uniformly sloped from elevation 32.0 msl to
30.0 feet msl. :

(4) Remainder of Housatonlc dike - level at elevation 30.0 feet
msl.

Top of dike along the Naugatuck River will slope uniformly from ele-
vation 31.5 feet msl at the upstream end of the project to elevation 31.0
feet msl at the Route 34 embankment. Protection along the highway em-
bankment and the railroad gates under Routes 8 and 34 will be built to
elevation 30 feet msl.

e, Velocities of flow. Average veloclties in the Housatonlc River



in the reach above Route 8 for the design discharge of 198,500 cfs vary
from 10 to 12 fps. Maximum locelized velocity messurements In the
model study ranged as high as 20 fps around plers of the NYNH&H raile
road bridge.

Aversge velocities in the reach of the Naugatuck River above Route
34 for the deslign dlscharge of 75,000 cfs vary from 8 to 10 fps. A
maximm localized velocity of 11.8 fps was measured in the model at the
upstream end of the Derby protective works and maximum velocity measured
in the vicinity of Route 34 bridge was 12.4 fps. Average velocities in
the "tidal backwater pool" downstream of Routes 8 and 3L generally were
leps than 5 fps.

f. Chennel improvement. KNo improvement in the existing river chan-
nels will be made except immediately upstreem of the Route 34 bridge
where a land protrusion into the river cn the right bank will be exca-
vated as shown on plate L.

g. Bridge crossings. Two highway mnd two railroad river crossings
exist within the Derby project amrea. Routes 34 and 8 highway bridges
are high, wide gpan structures and pose little restriction to the stand-
ard project floodflows. Both railroad bridges will be sutmerged 7 to 8
feet during the standard project flood. The railroad bridge across the
Naugatuck River is within the "tidal backwater pool” area and due to its
long length of overflow section iz a minor hydraulic restriction to the
design floods. In contrast, the railroad bridge over the Housatonic has
& relatively short overflow section which includes a debris collecting
trestle., Therefore, though this bridge is submerged, the major portion
of floodflows pass beneath the bridge. This bridge will produce a 2 to
3 foot head loss during the standard project flood.

5. DESIGN OF STORE RIPRAP SLOPE PROTECTION

a. Qeneral. The riverward slopes of dlkes, earthfills along the
Tloodwall downstream of Bridge Street bridge and the south end slope of
the Route 8 embankment will be protected with a layer of stone riprap
protection placed over a layer of gravel bedding. The Derby protective
works will not appreclably change the hydraullce of flow of the river
channels and nco riprap protection is required at locations other than
described above. Allowance for scour at the toes of the sbove de-
seribed slopes is made by extending the depth of the protection.

The design of riprap protection was based on the "tractive force”
theory using procedures set forth in the draft report titled, "Criteria
for Graded Stome Riprap Channel Protection,” dated 20 April 1966, The
requirements for bedding material and shape characteriatics of stones
will be in accordance with revisions made orally by representatives of
OCE.

be Design criteria.




(1) Tractive force. The average boundary shear or tractive
force at a river croes section 13 defined by DuBoy's law:

7:; = & YRS ’
where ’Z = Average unit boundary shear

& = Unit weight of water

R = ﬁydraulic radius
. S = Slope of energy gradient

The local unit shear or maximum tractive force at speecific locations in
the cross section was determined by substituting depth of fliow times the
cosine of the side slope (y cos ¢} for the hydraulic radius in the above
equation (Chow, "Open Channel Hydraulics," McGraw=-Hill, 1959, p. 176).

(2) Tractive force vs. stone size. The shtability of stone rip-
rap against movement by tractive force is related, in the above refer-
enced draft report, to the squivalent diameter of the 50 percent by
welght finer stones designated Dg5o min. The relation developed between
permissible tractive force and stone riprap on a horizontal surface is
as followa:

7;L z 0.04 (bg—zf) D50 min

Permisglble tractive force on a horizontal surface

where 7;1.
s = Unit weight of stone
Y =  Unit weight of vwater

D50 m=in = Equivalent spherical diameter of stone 50 percent
by weight finer in the riprap layer

Because stone riprap has less natural stability on a slope, the permis-

gible boundary shear on channel side slopes is less than on a horizontal
surface and is determined by the following equation:

T v T (/- 4252)°°
Ps = IPL m=e .
where ps = Permissible boundary shear on channel side slopes
# = Angle of side slope with horizontal

© = Angle of repose of the riprap, suggested value for
stone riprap, ho°

10



Substituting the loeal tractive force equation for permissible shear in
the above equation and solving for D50 min, assuming unit weight of stone
and water 165 and 62.4 lbs. per cubic foot, respectively, the following
equation 18 derived:

ay ~0.5
Dsomin = 1528 (/-39 Cos

The use of this equation was simplified by the New Emgland Division by
developing the graphicel solution shown on plate T.

¢e Channel sections. Representative cross sections were developed
for each reach heving similar flow characteristics. The maximm local
unit boundary shear in the section, which occurs at the toe of the side
slope, was used in the design of the stone riprap for the entire slope.
The representative cross sections used in the analyses and the computed
D50 min's are shown on plates 8 through 10.

d. Depth of flow and slope of energy gradient. The depth of flow
"Y" at the representative cross sections was determined by averaging the
difference between channel invert and design water surface throughout
each reach. The slope of energy gradient for each reach was determined
from the design velocity and hydraulic radius of the section, using
Manning's equation and a roughnese coefficient "m" of 0,035. The depth
of flow and slopes of emergy gradients are shown on plates 8 through 10.

e, Jize snd layer thickness of stone protection. In the design of
gtone riprap for the Derby project it was considered desirable to specify
the same classes of stome protection, to the extent possible, as used
for the Ansonia~Derby project since the contractor or stone supplier may
be the game for both projects.

The dike slope along the Housstonic River will be protected using
the Angonia«Derby project's class II stone protection which is suitable
for & D5o min of 0.9 foot. Protection on the slope of the dike along
the Naugatuck River will require a Dsp min of 0.5 foot, therefore, the
Ansonia-Derby project's class I stone protection is specified. Class III
stone protection selected as suitable for the f£ill along the floodwall
extending downstream from Bridge Street for a distance of about 350 feet,
requiring a Dgo min of 1.1 feet, ie similar to Ansonla-Derby project
class ITA except the gradation has been adjusted so that it 1s compatible
for gravel bedding, therefore no stone bedding will be required. Con-
sidering water conditions in this reach, it 1s believed more practical
to require a suitable graded stone protection material in lieu of placing
a layer of stone bedding material, The three classes of stone riprap
tc be used in the Dexrby project are shown in table 3-V.

f. Stone protection toe depths. The riprap and gravel bedding layers
will extend below the finel esrth grade at the toes of the slope along all
reaches of stone protection. The criteria in the OCE draft report re-
ferred to in paragrapb 5a require thaf leyers of stone protection extend

11



Bagic Layer
Class Thicknesg¥*
> Z inches 5
I 12
Ir 21

III 27

TABLE 3~V

CLASSES OF STONE RIPRAP

Stone Weight
Zlbsi
90 (Max)
Between 15« 25
. Lesg than 10
4 (Min)
: 450 (Max)
Between 60~ 135 ‘
Less than Lo
15 (Min)
1000 (Max)
Between 110~ 300
Less than Ty}
‘ 4 (Min)

Percent by
Welght
(Ssp) Finer

100
50
15

0

100
50
15

0

100
50

15
0

* Thickness sbove normal high-tide elevation.
Where materials must be placed in water,
thicknesses vary as shown on plate 6,

D

Min.

0.55

0.87

L.X



. .

below eny probable depthes of scour. Since these probable scour depthe
are Iindeterminate for this project, depths of protection were selected
on the basis of englneering judgment after careful consideration of all
pertinent known and probsble future conditions. The selected riprap
toe treatments are shown on plate 6. Clmsses I and IT stone protection
will generally extend 5 feet below the final earth gredes at the toe of
the protected slopes except for a reach of approximately 500 feet along
the Naugatuck River where the toe of the slope is within the present
river channel area. In this reach, the class I stone protection will
generally extend 1 to 2 feet below the existing chamme)l bottom grade at
the toe of the protected slope., Except for two very minor reaches, the
existing chamnel bottom grade in the area, within 20 feet of the stone
protection, is at or above elevation of the bottom of the stone
protection.

-Class IIT stone protection along the floodwall extending downstream
from Bridge Street bridge for a distance of about 350 feet will extend
down to elevation mimus 9 msl which 1s about 7 feet below the existing
bottom grade of the river chamnel. This reach is critical because
tractive forces are high, Bridge Street bridge (a multiple arch bridge)
could cause increased scour during flood periods, and failure of the
stone protection could result in undermining and complete fallure of
the floodwall. Due to water conditions, 1t is considered advisable to
limit the depth of toe protectiomn construction to elevation minus 9 mal.
In lieu of extending the construction below this elevation, the cross
section of the stone protectiom will be a trapezoldal section as shown
on plate 6. A steel sheet pile bulkhead wall will be provided near the
Bridge Street bridge vhere comstruction of the rock toe is impractical.

13
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